e Health comes home A s the population of the western world begins to grey, governments look to technology to provide a costeffective solution for meeting the healthcare needs of a growing population of older people. In this context, a major area of interest is the application of eHealth technologies to enable people to be cared for at home.
Background "We are all getting older." In the developed world this old saying has a deeper meaning and more significant consequence than may at first be apparent. This is because of the demographic trends; the post-war baby boom followed by the more recent sharp drop in the birth rate means that we will start to see the relative number of old people in the developed world grow. This is significant because the highest proportion of consumers of healthcare in the developed world is the older members of the community. Healthcare systems, be they private or public, rely upon high numbers of healthy people funding the healthcare costs of a small number of ill or infirm people. This model is set to fall apart as, for example, the ratio of tax contributors to tax consumers changes from its current level of 3:1 to 1.5:1 over the next 25 years. This problem is often referred to as the demographic time bomb.
In order to address the issues raised by the demographic time bomb, public and private healthcare providers in the developed world are looking at ways of reducing the costs associated with the provision of healthcare. In this context, information technology (IT) and digital communications are considered to offer great potential for improving the efficiency of healthcare delivery.
Another development is the trend for people to take a more active role in the delivery of their own healthcare. For example, in the UK a new term, "expert patient", has recently appeared in the healthcare community. This is a patient or group of patients that have very detailed and upto-date knowledge about their clinical condition. In some ways, this is not such a new concept. Diabetics, whose life often depends upon a very detailed understanding their particular manifestation of their illness, have been with us for many years. However, what is new with the "expert patient" concept is that a deep and detailed understanding of a condition by a patient can be true for a wide range of conditions, not just those that are immediately life threatening. Almost certainly the "expert patient" concept has come into being as a result of the growth of the Internet and its use for the dissemination of medical information.
Home eHealth is a relatively new technology application area. It has resulted partly from the desire of healthcare providers to apply technology in order to reduce healthcare costs, and partly from the trend for people to take a more active role in their healthcare.
There are many potential applications of home eHealth. However, chronic diseases such as heart disease, hypertension (high blood pressure), diabetes and respiratory conditions are the most interesting. This is due to the very high numbers of people they affect and because, to varying degrees, their impact can be controlled by the patient. On this last point, the impact of a number of chronic diseases on a patient can be minimised if they adopt a favourable lifestyle and adhere to their treatment plan. For example, loss of excessive body weight is helpful for those suffering from heart disease and hypertension. Similarly, smoking cessation is an important factor in improving the outlook for all patients with respiratory problems.
The UK's National Health Service has over the last few years published a number of documents called National Service Frameworks. Each of these covers either a specific chronic condition or vulnerable patient group. Common themes have been empowering patients to care for themselves and the use of technology.
Patient Care as a Measurement and Control Problem
The care of a home-based patient suffering from a chronic condition can be cast as a classic system control problem.
Here the system to be controlled is the patient, while the system's controlling inputs can take a variety of forms: G medication changes; G the provision of encouragement; G the provision of lifestyle advice and other educational feedback.
Similarly, the systems outputs that can be used to adjust the controlling inputs may include: G physiological signals; G details of medication taken G lifestyle information; G details of any symptoms experienced.
The controller is the entity determining any medication changes and providing encouragement and education to the patient. Today this will almost certainly be a clinician.
Based on this model, one important role of eHealth is to Feature Vol 37/5 June 2004 www.instmc.org.uk 152 measure the physiological signals and other "system" outputs. A second, equally important role for eHealth technology is to provide a means of delivering the controlling inputs (e.g. details of medication change, encouragement, advice and education) back to the patient. In the future, more of the work of the clinician may also be automated. In fact an evolving approach is for encouragement and educational feedback to be generated automatically, with clinicians providing backup if this ineffective. More controversially, automated adaptation of medication may become a reality in certain cases. For example, in a clinical study undertaken in New York, the performance of an automated system for adapting medication for hypertensive patients was found to match that of highly experienced cardiologists who specialise in the treatment of hypertension.
Trends in Sensor Technologies
Developments in sensor technology are particularly important in terms of home eHealth. In particular, over the last decade a number of electronic medical devices have appeared that have made it feasible for patients to monitor their own vital signs in a reliable manner. Such devices include dry chemistry blood sensors such as those commonly used by diabetics and electronic blood pressure measurement devices, which are now widely available in high street chemists. In addition there are a wide range wearable or implantable sensors either available or under development. Examples include instrumented pacemakers that can record heart ECG data, an elasticised vest with an integral respiration sensor, a variety of 3-axis accelerometers that can be used to monitor activity in the elderly or those with a developing motor neurone disease, and implanted blood-pressure measurement devices.
The intrusion / benefits trade-off
An important trade-off that has to be made as home eHealth develops, is the level of intrusion associated with monitoring against the benefits in terms of the picture of the patient's health that is provided. This is because in general, monitoring to a greater level of detail results in a better picture of a patient's health. However, it normally requires increasing levels of intrusion into the patient's daily routine. If the intrusion becomes too great then the patient is likely to become unco-operative. In the worst case, a small increase in the level of monitoring could result in a significant drop in the volume of data coming back from a patient.
Hypertension Case Study
A home eHealth deployment for the care of patients with hypertension that began in 2001 provides a revealing insight into what can be achieved currently.
In this deployment patients have been equipped with easy-to-use terminals for data collection and the provision of feedback. The terminals guide patients through a daily routine that involves them taking a set of measurements in the morning (blood-pressure, ECG and sleep quality) and a set in the evening (blood-pressure, ECG, daily stress, exercise, symptoms and medication taken).
One of the first things that happened with these patients was that the clinicians started to regularly fine-tune the medication prescriptions, which resulted in the patients being on optimal medication and so achieved better control of blood pressure. Normally such adaptations would have been made every 3 months when the patients had a regular check-up. However, regular monitoring and the availability of a feedback channel to the patient allowed the adaptations to be made over a time-scale measured in weeks rather than months.
Another development was that patients began to lose weight. In one case this was because the patient lied about their weight initially and then had an attack of guilt, which cause them to slim down to the weight they had indicated in time for their check-up. However, more common reasons for the weight loss were found to be: G the fact that in some cases the patients were asked to take ECGs before and after walking up and down the stairs a number of times; this resulted in them having some regular exercise, which in turn led to a reduction in body weight; G the fact that the patients were provided with a weekly plot of their body weight against their blood pressure, which showed them the correlation between loss of body weight and reduction in blood pressure, thereby encouraging them to maintain a favourable body weight.
The deployment was not suitable for everyone. Some patients found it too intrusive or felt that the equipment was too complex for them. However, overall there has been a reduction in the blood pressure of the patients
About Hypertension
Hypertension is relatively common. The normal goal is for the patient to keep their blood pressure below a threshold determined by their age. To do this they employ a combination of lifestyle actions such as taking regular exercise, controlling their body weight, reducing smoking (if appropriate) as well as taking anti-hypertensive medication. Aside from encouraging their patients to adopt favourable lifestyles, there are two main challenges for clinicians treating patients with hypertension. The first of these is to identify the optimal medication; this applies to both the dosage and type (a number of drugs are often used in combination). The second main challenge is to get the patient to take the medication. This is because most people experience undesirable side effects from anti-hypertensive medications but feel no different if their blood pressure drops. As a consequence they often feel better if they do not take their medication. What they don't see is that accelerated blood pressure causes damage and increases their risk of a heart attack or stroke.
involved, which has been achieved by: G allowing optimal anti-hypertensive medication to be prescribed by presenting clinicians with a detailed and timely picture of the patient in the context of their lifestyle and their compliance with their current anti hypertensive medication; G encouraging patients to take their anti-hypertensive medication despite the undesirable side effects by showing the correlation between taking the medication and the resulting reduction in their blood pressure; G encouraging a favourable lifestyle by showing the correlation between this and a reduction in blood pressure.
Similar positive results have been achieved where eHealth has been applied to other chronic diseases. For example, where asthma has been monitored, the fact that a patient has been encouraged to assess their condition in a systematic way has allowed them to make realistic decisions about activities such as going to the gym as well as whether they need to take their medication.
A further example in which eHealth technology has been used with demonstrable benefits has been in the case of patients with Chronic Obstructive Pulmonary Disease (COPD). COPD patients often require short stays in hospital following an exacerbation of their condition (typically 20 days per year). However, the signs of a developing exacerbation are pretty obvious if a patient is closely monitored. Furthermore, these can be avoided if an appropriate intervention is made. By exploiting this, a recent COPD deployment employing eHealth to allow clinicians to monitor patients remotely was able to reduce the average time that patients spent in hospital by a factor of 4.
Developing Areas
From the examples previously described, it is apparent that a lot can be achieved from home eHealth today. However, there are three areas in which developments could expand this potential significantly.
1. The first area is automating the analysis of the multidimensional, clinical, lifestyle and treatment compliance data obtained from the patient. The goal here is to reduce the clinician's workload by automating the repetitive and sometime mundane tasks that they have to do. At one extreme this may amount to presenting an encouraging message when a patient shows a positive trend, at the other it may be automatically adapting their medication. Developments in this area will necessarily be slow because clinicians are correctly very conservative about automating clinical decisions. Therefore, such systems that are deployed will need to be well proven, especially where their failure could have fatal results. Nevertheless such systems will appear in due course. 2. The second area amounts to automating the education of the patient. Cost-effective, multimedia technology in the form of PCs has been widely used for educational purposes. Hence it is inevitable that it will be applied to the education of patients in the healthcare industry. In its simplest form this could be a fixed-format training programme supplied to newly diagnosed patients. More sophisticated systems may regularly test a patient's knowledge and top-up or reinforce his/her knowledge where the need arises. 3. The third area that is set to make a significant impact on home eHealth is wearable and implanted wireless sensors. Wireless technology itself has advanced significantly over the past few years with 802.11b and 802.11g enabled PCs and peripherals becoming more common. However, for healthcare the ideal is to instrument the body with unintrusive wireless sensors to monitor vital signs and other physiological signals. For this purpose 802.11b and 802.11g are probably too power hungry and over-specified in terms of bandwidth. Hence Bluetooth™ has been used in some circumstances, but this is still too power hungry for many sensors. Therefore, a number of low-power RF options are being considered, the best known being ZigBee™.
In conclusion, home eHealth has a lot to offer the healthcare industry in terms of delivering care to chronic disease suffers. It is an area in which a lot can already be achieved and which is set to grow significantly over the next decade as its use becomes more wide spread and the technological challenges that it poses are addressed.
About COPD
Chronic Obstructive Pulmonary Disease (COPD) is a severe respiratory disease often resulting from smoking, in which patients have significantly impaired respiration. As they result they are often house bound and required frequent use of an oxygen mask and ventilator.
